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Fluoride (F-) is not an essential plant nutrient but high rates of F- ingestion may lead to fluorosis in animals. Groundwater in parts 
of the Great Artesian Basin in Australia may contain up to 0.42 mM F- and fluorosis may occur should this water be used for 
irrigation or livestock. With the reliance on groundwater for irrigation in parts of Queensland, the fate of F- in the environment 
needs to be understood. The aim of this study was to investigate the reactivity of F- with soils and the uptake of F- by plants from 
soil and overhead irrigation. 
First, adsorption isotherms were obtained by mixing soil with solutions containing increasing F- and measuring free F- in the 
supernatant. Second, desorption was measured by mixing F-loaded soil with water and measuring F- in the supernatant. Third, F- 
uptake from soil by Lucerne (Medicago sativa cv. L91), leucaena (Leucaena leucocephala cv. Tarramba) and Rhodes grass (Chloris 
gayana cv. Top Cut) was determined by growing the plants in a glasshouse in pots containing either a Red Kandosol (Rhodic 
Ferralsol), a Yellow Kandosol (Xanthic Ferralsol), a Red Vertosol (Rhodic Vertisol), or sand (Arenosol) and amended to contain 0-
26.3 mmol/kg F-. Finally, foliar uptake of F- from overhead irrigation was determined by growing plants in Ferrosol (to avoid soil 
uptake of F-) and irrigated up to six times with solutions containing 0-0.31 mM F-. Dried and ground foliage was digested using 
the alkaline fusion method prior to the measurement of F- in the digest. 
 
Sorption of F- by the Red and Yellow Kandosols removed 90-95% of added F- from solutions but there was low F- sorption by the 
sand. Adsorption of F- released only a fraction of OH- from the mineral phase, discounting ligand exchange as an important F-
binding mechanism. In the three soils, apart from sand, desorption of F was low, with ≤ 20% of added F- being desorbed after 10 
steps; F- in the supernatant decreased to ≤0.1 mM after two desorption steps. Therefore, mobility of F- in soil is low and the 
environmental risk of applying F-containing groundwater (containing 0.26 mM) is low at typical irrigation rates of <60 ML/ha. 
Desorption of F- decreased at higher ionic strength, thus, saline irrigation water is not expected to increase desorption. Furthermore, 
SO42- present in the soil solution does not affect adsorption or desorption of F-, most likely due to SO42- and F- having different 
sorption mechanisms. 
Lucerne accumulated up to 4.2 mmol F/kg in foliar parts with 26.3 mmol F/kg applied to the Red and Yellow Kandosols, and up to 
2631 mmol F/kg when grown in sand, but < 1 mmol F/kg when grown in the Red Vertosol. By contrast, foliar F- concentrations in 
leucaena and Rhodes grass did not exceed 1mmol F/kg with increasing soil concentrations on any of the soils tested. Accumulation 
of F- by lucerne was due to the uptake of Al-F complexes. Both the amount and bioavailability of F- in these complexes will 
determine toxicity to grazing livestock. 
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Uptake of F- from overhead irrigation increased with the number of irrigations. Lucerne accumulated more F- (2.3 mmol F/kg) 
than the other species (~1 mmol F/kg), possibly due to differences in leaf morphology. Fluoride was retained on the outer leaf 
surfaces and could partially be removed by simulated rainfall. Thus, rainfall or heavy irrigation with good quality water may 
remove a substantial amount of accumulated F- from foliar surfaces. 
In conclusion, these plants may be irrigated with groundwater containing ≤ 0.31 mM F- without accumulating F- in foliar tissues 
above the maximum tolerable level of 1.8 mmol F/kg body weight for young beef cattle provided that: (1) a suitable soil, with high 
F- adsorption capacity, is irrigated, (2) irrigation water does not add more than 26 mmol F/kg to the soil over the life of the 
irrigation program, and (3) irrigation with good quality water is regularly applied to remove F accumulated on the foliar surfaces of 
lucerne. Soils containing a high proportion of sand (quartz) are not suitable for irrigation with groundwater containing even low 
concentrations of F-, whilst soils high in Al- and Fe- oxides, kaolinite, and Ca are appropriate. 
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